. The two uppermost L series samples, L10 and L11, were (40−41 min) and 2% (41−51 min), increased linearly to 96% (51−52 min) and 96%
83
(52−60 min). The total flow rate of the two pumps was 0.8 ml/min. MS scanning was 84 performed in selected ion monitoring (SIM) mode that targeted specific [M+H] + ions 85 for GDGTs.
86
For 5 samples around the transitional layer (L8, L9, L10, L11, U1), branched
87
GDGTs (brGDGTs) were also measured according to a new method modified from
88
De Jonge et al. (2014) and Yang et al. (2015) min, increased linearly from 10% to 97%; 112−120 min, held at 97% for equilibration.
95
The total flow rate of pump A and pump B was 0.6 ml/min. Selected ion monitoring 106 CPI = ((n-C 25 + n-C 27 + n-C 29 + n-C 31 + n-C 33 ) / (n-C 24 + n-C 26 + n-C 28 + n-C 30 + n-C 32 )
107 + (n-C 25 + n-C 27 + n-C 29 + n-C 31 + n-C 33 ) / (n-C 26 + n-C 28 + n-C 30 + n-C 32 + n-C 34 )) / 2
108
(1)
109
The relative abundance of crenarchaeol to total isoprenoid GDGTs (isoGDGTs) (%cren) index (Equation (2)) was calculated following Wang et al. (2014) 2012; Loomis et al., 2014; Peterse et al., 2014; Hu et al., 2015) and the fact that the
124
BIT index mainly depends on the aquatic production of crenarchaeol (Tierney et al., 125 2010; Fietz et al., 2011; Sinninghe Damsté et al., 2012; Smith et al., 2012; Buckles et 126 al., 2015; Wang et al., 2016) . On the other hand, because BIT index mainly depends 127 on the aquatic production of crenarchaeol, which is strongly correlated with lake 128 water depth (Tierney et al., 2010; Wang et al., 2014) , variations in BIT index might 129 reflect changes in lake water depth. Actually, significant negative relationships 130 between BIT and lake water depth in 82 global lakes (Blaga et al., 2010) and 41
131
African lakes (Tierney et al., 2010) can be established across a full gradient of lake 132 environments ( Fig. DR3 ; Wang et al., 2016) . BIT has also been observed to trace 133 water depth in both surface and downcore sediments of Lake Qinghai (Wang et al., 134 2016). Hence, it is also applied as a lake-level proxy in our analyses.
135
BIT = (Ia + IIa + IIIa) / (Ia + IIa + IIIa + cren)
136
Currently, there are several brGDGT-based temperature and pH calibrations
137
(reviewed in Schouten et al., 2013) . Based upon a study of brGDGT distributions in (Tierney et al., 2010; Zink et al., 2010; Pearson et al., 2011; Sun et al., 2011; Loomis 153 et al., 2012; Schoon et al., 2013; Foster et al., 2016) . Amongst these lacustrine brGDGT studies, Sun et al. (2011) provides the only calibration with global data 155 while others are all regional. We thus have our pH and temperature reconstructed 156 based on Sun et al. (2011) (Equation (6) and Equation (7) . However, when the 161 brGDGT temperature proxy is applied at a relatively small scale (i.e., comparing
162
MAT estimates within a single record), the error becomes a systematic one which 163 should be much lower (Peterse et al., 2011; Schouten et al., 2013) . Hence, if The analytical reproducibility of the MBT and CBT indices is smaller than 0.01,
171
resulting in an analytical error in temperature estimates of no more than 0.2 °C.
172
Structures of the isoGDGTs and brGDGTs used for calculating %cren, BIT, and
173
MBT/CBT are reviewed in Castañeda and Schouten (2011) . CBT' index (Equation (8)) which includes the 6-methyl brGDGTs, and the MAT mr 182 index (Equation (9)) based on a multiple linear regression using the fractional and pH is due to the use of a different GDGT method.
210
We also compared brGDGT-derived temperature with temperature estimates including Qinghai Lake (Wang et al., 2012) , Huguangyan Maar Lake (Hu et al., 2015) ,
242
and South American lakes (Kaiser et al., 2015) . Lower and upper sides of boxes (2011)). Table DR1 . GDGT and δD n-alkane data from Clarkia P-33 sequence. The gray shading indicates the transition unit (Unit 3). H isotope measurements via gas chromatography/thermal conversion/isotope ratio mass spectrometry: Rapid Communications in Mass Spectrometry, v. 26, no. 22, p. 2577 Spectrometry, v. 26, no. 22, p. -2583 . Castañeda, I.S., and Schouten, S., 2011, A review of molecular organic proxies for examining modern and ancient lacustrine environments: Quaternary Science Reviews, v. 30, p. 2851-2891. De Jonge, C., Hopmans, E.C., Stadnitskaia, A., Rijpstra, W.I.C., Hofland, R., Tegelaar, E., and Sinninghe Damsté, J.S., 2013, Identification of novel penta-and hexamethylated branched glycerol dialkyl glycerol tetraethers in peat using HPLC-MS 2 , GC-MS and GC-SMB-MS: Organic Geochemistry, v. 54, p. 78-82. De Jonge, C., Hopmans, E.C., Zell, C.I., Kim, J.-H., Schouten, S., and Sinninghe Damsté, J.S., 2014, Occurrence and abundance of 6-methyl branched glycerol dialkyl glycerol tetraethers in soils: Implications for palaeoclimate reconstruction: Geochimica et Cosmochimica Acta, v. 141, p. 97-112. Fietz, S., Martínez-Garcia, A., Huguet, C., Rueda, G., and Rosell-Melé, A., 2011, Constraints in the application of the Branched and Isoprenoid Tetraether index as a terrestrial input proxy: Journal of Geophysical Research: Oceans, v. 116, no. C10, p. C10032. Fietz, S., Huguet, C., Bendle, J., Escala, M., Gallacher, C., Herfort, L., Jamieson, R.,
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